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Abstract (Basic) : DE 10158553 Al 

NOVELTY - The circuit has a first current path (12a) 
providing a 

rising charging current from a d.c. source (11) to a piezo 
stack 

(3A-3D) of a piezoelectric actuator during an on period, a 
second path 

(12b) from an induction element (13) to the stack bypassing 
the source 

and a switch (14) and providing a reducing current during an 
off period 

as a result of a flywheel effect and a controler (19) that 
controls a 

switch-on/off process for the switch so that the charging 
current has 

cyclic peak values and the switch is turned off when the stack 
charge 

reaches a desired value set by external input. The controler 
determines 

the timing of the transition from on to off states so that the 

peak 

value reduces with the desired charge. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also 
included for the 

following: a fuel injection system. 



USE - For piezoelectric actuator in fuel injection system. 
ADVANTAGE - Enables accurate charge control to be 
exercised over a 

suitable length of charging period. 

DESCRIPTION OF DRAWING (S) - The drawing shows a schematic 
representation of an inventive control circuit for a 
piezoelectric 
actuator 

first and second current paths (12a, 12b) 

d.c. source (11) 

piezo stack (3A-3D) 

induction element (13) 

switch (14) 

controler (19) 
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[0040]**:. SHMfllEIR 1 9 1 trxyx 
9 >y ? 3 A-3 DfcEWfci«3;fcfcffiffi«*>/J\$fc:* 

y»^Bifirseitfi#gTj) I 9^«sffi^aj#a-cj>i»ffi 

ttSl 7WWSSISWE, &£Vm2(r)X4 *,+y?%=f- 

a§iamE# a^j ur 0 . trxyx ^ > y ^ 3 a- 3 d <n> 
%%%mi&vim%mmt>tihs.o\zts:'>x^h. 
ta. taummi 9 1 tctj. 3fMt LT^txy 

^^•y^3A-3DOMSSSmE (WT. tTxy^^-y 
[0041] 7fy/ffl4, 15, 16A-1 

6 d *>#y- h »iBmnmiiK 1 9 1 *<i«nw 

6A~1 6DcOV^*>S:jfyLTIEiW^t 
xyx^-y^SA^SD^'S^^itl.tttt, *4-y 

fy/Sf 14,15 <oy- h tt±K/pxtt<o*gfflifi^ 

■CftSSKrtl^A* L-C^-f -y fy/tgf 14.15 

mmmizhtz o rt± . ssts 17, 1 8 c i 0 «aj s 

*ife3t««StJJ:t^BWia, VxVZ9v9mzm 
^X. ECU5 8<7)«3rS5-C&9:£m^ft 

-^•aj^gTibSCP U 1 9 2*^<7)«Stfi-^i>J:tf5E 

UjSO^HISS 1 9 1 b C P U 1 9 2 1 9 

[0042] «Hli^ti. r Hj t l"Lj 

*fc, ffiwmmt. J£J)*yv5 7iz£mtii 

/WE^d^t^o ) lcBr^c7)4-7-t-y hft^JaifcA# 

[0043] jartc, BUMff^a 1 9 1 towe . e 

X.YX9 -, 9 3 A- 3 D03Em5-ff 3 EIIMMte+'&C 

[0044] IEIS$Jffll|2lK 1 9 Hi. iEfijfl-^^ElSS 

2 lT'X-f •yfV/Sf 1 4^y-h(CA^-r*^iSfI 

•?-cof&coiHl!S^2 2-2 8(cJ:>)^$itl». EIS8IS 
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«>2 2-2 8icov»Tawts. w.mz%mtiz%m 
mm*®.2 5 znmtmMii 51,25 2*qwt 
xh<o. vtm&zftmLxw&.m (JU 

^Srg$i*S2 6 1. 2 6 2 £ J: tfc«* (JUT, 
Bgmffli^-iiv^) fc#A#fMil*>JtlMI2 2a< 

ttKt-C r Hj b rLj i9**Z«t**atfJ*-*. 

[ o o 4 5 ] ii-c. mMEt&n** ztozrstm 

IS26 1, 2 6 2^fi«itt(±. BSWEfi**. txV 

xyy ^mE* j ggmi±taL^^txvx^ > 7 ?m 
cojt«fS2 2*^atx/x?7 ?mE**BgmEJ: o 
exy^^-y^mE^Bsmsiotffi^t^** r Hj 
[0046] mm 2 coftjim^immmfH&kw 

2 lcOANDy-MIIK2 1 UZAjJlX^Z. X4 ••/ 
1-V?m=f-l 4*>WWt*W;£tf>ANDy-MgK2 1 
14>tMHt*r*9, txyx^-y^«E*»'BSmff«k 
Q&fivttoaxxf -yf-V^^l 4<o:*ya<f ! )=§$;h. 

[0047] ifc. t^mEfI^±£ $(iC PU 1 9 
2 fctj v >T r? * y U-zUETJOftJiiff (c« tTI&?£3 

??Hi§#mEJ: 0 t^EfflJTnt yi^-;l-E^*^VHJ 
fc*i«iumEi$:SJ:5fc-M>. Lfc#->-C, »Ji**Efi 
fiSif§2 6 1.26 2TiHHS*lfcfc* 

BUSEfiWI £>ftl> ii£Bf«E(I-s§-tf>* 
* 2 fc&ttff 2 6 1. 2 6 2 OJK(t<r«tteSit4 fl» 

[0 048] sstsi 7ammn& (jetf, 

*«EJte»2 8j6»4>aj*S<t*«!WE (JUT. TER 
«M-fc^3) fcfrA7J^S#JWt^a^ft^g-C& 

*^2wjt«fS2 3 5-fiii.Tfco. 5«*sH*iins*w 
TRSfift-tJ: o ts^*Ks^*^zii(i^aj^-rs. 

»t*# r Hj vt>&. im&2 3<otiij]m^imiiE 

^bbi> izWM^mLmffi 2 1 OA N D y- MUSS 2 
1 3^A>^UTfcO. AN Dy— MUSS 2 1 3<0Ji}7Jfg 
0 y7ya v7-lB}$l2 1 2 Wry hS^tCA^L 
L*>Lt\ 7U"/7*70 y7'IllS§2 1 2c7)-fe y 

^ajfi-^tTKii^oit^fi^A^-ts i tc* 

[ o o 4 9 ] 4 Jt . Kwmfii®ii!,m*Tb m-^m-hz 
mimmi2i<n&+>m^ (jut. umfi^fco?) 



b #AA-r * w«t #aajiijL¥a-cfc 4» 3 oitiKS 
2 4 0 . ^m«a^[i}(i^#±isffi<t^j: 0 

ii^aHav^zffift^ajTJ-fS. cicoziifi-^ti 
^WBWiaMiWxJBfUi^J: 0 tm^bZW th j 

■c*4. it«»24*»^aj*«#tt«iB7y-yr7D 

•yTIU8&2 1 20'J-tey MfrffcAAl/O**. 
[0 0 50]|WEIIIWMIH2 7tt. exv**v?« 
Efi^t^^mEfi^tlrA^tL-Cfc 1 ). iHWMRS 

jji-rticofi-ciatf-ft. 

[ o o 5 1 ] MHS9a&iiiB2 1 mzy y 

777D77HB2 1 2<DftJl (Q) **«rieJt«»2 2 
OttiTlfi^ b b i t A N D Y- V E&& 2 1 HCA7J LT 

[0 0 5 2] U^ot. Wtl8^MltfJ3*i.T:&9. 

*>oexy*yy?mE#B&mECj£-ts4T\ -ra 

fc^«X8S+«. ANDy-hHIS82 11. 2 1 3(0 

tmv. mw}m*&t&.m2 i&t>fmm*Hi. 5W 
^rb *ywssM5m^Ti>h±mm%b owm^T 

J>SJt«S5240aj^2ri;-b-y h(t^i:-ri>7'J -yT7 
n yriHSS2 12oaj* (Q) bWCS>h. 
[00 53] -TZbib. X-i ■/fyy'ifl 4^VC 

io. amssssi 2a(^«m»£*»-5Ea^„ ^co^y^ 
xyx^ y ^«E^(cJtWL^±#ars-e«5gffl*J± 

# I . HiltigS 2 7 IB* S *i*±BH«l#^a36 
£*U>i?ir£ffifcSi-f&i:. itlSS2 4oaj7J* J r Hj fc 

^oT7'J-yy7n-yT|lIK2 1 2#'J-fc-y 15 
leWSfiSre-^ffii: LXXA -y^y^m^F 1 4 ti>r 7 

ffi* J A§ VHit'A^ < &SiIffSfca!ft-Sy-T&!>. 
[0054] <^^r^7^{C{i. S2m-f7fy/' 

fg^ 1 5<os£y>r h 1 5 1 #4 yy? ^hci 
4i-4iWRe«*t«LJt/^r^fc«r9, m2oam 

l»12bt. -f yyi?^ 1 3Cg«?iiyt:x^;^- 

x . ^n**TBHifcart-5 1 . Jtiss 2 3<om^ 

f Hj t^T-5T7i;y7'7D-y7-lHlSS2 1 2#-fc-y h$ 

fit. s^-f yyyy^i4*^yL, *vws&z 

AS. 

[0055] fLT, txyx^ y^mE^'B^mEC 
mz>byc$m2 2<n&-htf r Lj Ciot^7fy 
y^ 1 4 ti^- 7 (c@S$itS . 

[ o o 5 6 ] 06ntfxyr?y ax-^bhehi i o 

StftitfUIIS 2 7 It , tf xy^ SEfl^ b J^nttE 
fi^-i:S-A7]i:LTV^*^, H»ti4iS2 7*^*7J 

?/n.±n<ift^{±exy^^ y ?mE#±#-r sco 
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mtitWti V-9 ®tm\ ^<nbtt:~>X ^WEMMffii)* 

[ o o 5 7 ] z z x. vx.vx? v ?%mm®mmz 

«afc«tfcx*^-#-f y 9-991 3tzvffiztix 
mox. xa •/ f- v i 7 mfemzm 2 n 
msmi 2bC7^-f*'f-;u«8s*igm. linear 

e-?ffir&9. «irie<ort<bf-^ffl«/iN$<^- 5 T 

[0058] ^fc. tuieorfc<, BgrnEfiw tr 
xy* ? y ?mffi#Sf^ WtL^B^trxy-;*. * >y 

^mati^-t^u^. S6t?§2 6 1 izmzmm 
^oT, exyx^-y^mffi^Bgmffiwitu ex 
t> . ft^wtm t exv* ? », tm&m^trmtu 0 
iimmmmt. txy** y^ms^smmziz^ 

^fcmzmmz'hZ <%&Zbl,i.%:\,\ ZtiizX*). ft 

xa ^yym^iA<nxA v+yymmtmm-hz 

bm±tZ>Zb&X%6. 

[0059] trxy^^-y^«£E*igS®E^L^ 
iW**WSir:**tf>fc:U %«ftfflOKIBHl:« XA f+ 

%bx±.mm^nmz>bz<t&iz^ »*ts2 6i 
<rMmmttmHz*z<-r&bbi>£, ma&262 
izmznBmwEmw&ML-t&xi tzmxEStt 

«»2 7««IW(sri»*. 

[0060] afc. w&tE.m*tt>\,-)\,E.-Mfi 
ffowb''hz<iktthzb?x<7y®mim-rz. itne 
H5^{i. (SEffliv-h4 1 0 1 \zmm>mcr>*-)V4 

2 3##S4 1 0rt««HEfffi*KttLT(K£Eil^-h4 

1 0 1 y 7 b *riifcfl ejj* tirr?fiX-; 
4 c tfft2E.-thfi&<r>Vx.Vx9 v 9 MS. (Ay=Jx9 

m^ns.) m^x^tx^h. #S4 1 oftoam 
4 > v x 9 m#m&. x *)t^zb tf-miztch 

«eaJ3LhKWWitfsK-n'4 2 3**i«jEffli'-b4 1 0 

2 fc»a-r 6«sw>wtt**3 < * 0 . « war #-^4 

2 3c7)fiffffl|v-h4 1 0 lii^Wmifi^LXtc^tl 



fflfflT, 3*y\s->\sEMzmtXW£fcfhZbX. # 
-)VA 2 3 IzmEZWEJ) hZbtfXth.Z 

[oo6i]^^, exyx? y 9%&mw%&.izm 
s. B«*Etf*3n«E, x^ yf-y^s^-14^7 

@£&tf)7 yA *A -/PmSSWk 

6 1 <om«b«e#/Ks <%izbx, w&mmm® 
mmBJ)<'i^^b%izii.3mMm&imft 

[0062] a*, x-f ••/i-yrmi-i 4co*7%mfr 
h*ywm^<mmm. ne^rtc ?Em«gs« 

aifi^* r FPBffifi^S:TIIII.i:fi : ^l»^ Ay 99 9 

1 3CSa$^x^;P^-^M»Lo<^tf^m«SE 
(i«H(c 0 ^SO-C. TKffifi^fc 0 i 0 t.7c# < L 

xa<zbx. ttffiH2 3<ottAfi^aaEc r Lj 

thj t«»)8M>»). ttfW^cJ&t*. 
[0063] ei'A^ 7?3A~3 DC7)JSC«©J 

z*y*7L. ^ymmizm2<r>m.msmi 2bi,zmm 
t&imnfaitiiL. *7imizmi0iMwmi 2a 

WWW *»WKSr8W. *7ffliatl4txy^^ >y 
^ 3 A~3 D^4>/\'-y 7 r 3 yf^t 1 1 3 £«fftf|!| 
iR§iil»^i:i:=5r^. XA >v*f-y?%=n 50)*yb* 

ymmntmMi 8xmm^iximM^m^. 

[0064] (^2HSI»S) H7t2Wft«<aSH2l8it 
JKBfc** m^tilgcT) ex/ 7 ^yf-x- ^ffii&mgg 

x^^f-iX-^lgUlliJKolgii^SIEiKSrSiioflijg 

fcSS3M4» 1 HM^St lei im^mxm 1 11*6^ 

[0065] tfXVT^f-aX-^B»0» 1 AC^mm 

mm 1 9 1 a(±. &m%mm i m 1 nwen^ n 
tx\ cpvi9 2ktt>izm&¥m9A*imix 

a 0 . K&Wmv-9fe<nW&*mmX''iio x o 
izUci><?>X'fo&. 

[0 06 6] XA yf-y^^l 4<r>*ym&frL>*7 

mm^com <o teimmzmz? h 7 y y 77 o y 7ius& 

2 1 2«'Jt7 hSffFWi. it®S2 4^aj^fl^'A 
flLT^S. Jt®S2 4liia!lii®||2 7A<7)ai^fi^ 

«■ (-) ATjtL, ^ymmnmmtii^m'hhyy 
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7S*£lllB2 9*>atfjfl»* ( + ) AJlbLX^h. 

[0067] mm®&2 7 Aim i mrnmntcob 

[0 0 68] 5y7$?&±0g82 9JiS«5g«®2 9 1 
?83tffl 3 y r v -9- 2 9 2 £ ft€-f £ <* o fc4r-> T 
9. 7^7^^0852 9 OHM^fc L-Cc^gffln 
yx>-9-2 9 20IUHSIWEfc-JE«*'e±#WL*> 

[00 69] ^ffl3^ry^292^(iM?iJ{ch7y 

^x^2 9 3*TO^n. zmymzm-myrv 

•>T2 9 2tfimi&Q'th£ol,Z%-oX\^. h7>-v'X 
? 2 9 3 J J* 4 y *y?m=F 1 4 ?)|gl!>ft^£ A* b ? 

h n o t f- h ok 2 9 4 tfom^m^-tc J: 0 * V * 7-r 

4 7 + >yn=F 1 4 tf>*7 HIBfclSV *TfiOV£k 0, 
x^f -y^-y^Si 1 ! 403}-yWia^fc^Tii^yWSP 

4EIK2 9<Dai*m#^*y^lll«!ajfi^i:V^) . 
[0070] *Hffi$!Bt1i. ftm»PS»{cfi. 3t 

mmffi* r Fi®<i*-cffiTLig«)fi-^^iHis&2 lcotwi 

m^tf r H j taWStoJtJWRttfr&ii* i: 

*LT» *v«saHftm^#aiw^2 7Afrfc 
HJ*S*i43r>H8BiaSfi#cat6i:, ifc*H*2 4tf> 

x?-y j»WMI»2 7A^{bA 

[0071] *£JBB!Bfc J: *Uf . 08 ic^J: ? fc. 

««aoe-^«*«/hs<*4. ^fucio. muss 

mm®?, izwtimfi ozb *>'T-# § . 
[0072] m3mmm) ®9iz*minm3mm 
Bmz%hmmjtm&<7)vxy77i-Ji-?®Mm 
<rm&**t. *mwmt* wummmmiz&^xv 
x.Y7 n-jLX.-fWMtsi&wmgmwm&toXTfc p 
vm<r)ftj&izfttt:i><7)x\ h<k mimmmb® 
ittittLizmtimimtimbmifmz-t&t) 
x-m i mmmb <offl>i^^ «mmcww-* . 
[0073] *trxrr^f- i b&, 

*nfh)m£22<7) ( + ) A^K. SBttSflfWIlB 1 9 
1 BfcfcfcfcMW^Rl 9B£fSfj£-f.i>CPUl 9 2A 



t #1882 2 <i, hrxyx^-y^lE*<agm 
Efci£t£fc. r Lj fc&o'CX'f -y^^im 4# 
*yizW£Zii&. 

[0 0 74] ifc. CPU192A*^^BS«£Efi^ 
{J. cpui9 2Afcfct,{^0Sii.f^fi^ai^#gi 
6taWW*ffiS»6 1. 6 2T4MHS#i, 

Efl^SrA^fcLT, tr-?TOJJ>)8U[HlS&2 7 A*>' 
iWtT*4. e-^ftS(E« l !)8liiail2 7A<0*>H8ia 

■fi»iti^2 4<o (-) ATjk^-^-c^i. uxr mris 

[0075] e-^«8MJ'38liiaB27A3&»4>ffiA8 
2 74, 2 7 5, 2 7 6fcJ:D#8'JU:«Eif5;lrC;fc 

mm<rm&!&2i5, 21 e<?)o-bm&2i 6 

\mm\ZbvV : yX?27 2tffi%LLXbr), *cr>*7 

7 4, 275 lzm& . tSfitH2 7 5coMSHimEi: t 
•£4*^1.6. F5>'^X^2 7 2^y^(Cti 
^JiSS2 7 5{cM?iJ{Cgtn:^2 7 6*%KS*l6<0T, 
^«W{=MIBfifi:S 2 7 5 flJffifiMBVhS < «r 0 . ME 
JdWWi^li h7VW 2 7 2^y^i 0 fc/hS < 
^S. ZOXdiz. YyyiSX? 27 2m>b*yb 
Zm&t&Zb X'V-tm^'bn-m: b&Zbtf 
T^SidK&oT^!,., Z.tthYvV i sX?27 2. 
^«Ejig2 7 3. fifit^2 74~2 7 6{C t t'5^y«SS 

[0076] h7>^'X^272 «0|IJfflIfi-§-»iik©*a 
TASit«S2 7 KOftJim^b LX^thtlh. Jt« 
SS2 7 1 icte, MetxV^^ >y ^«E^t-t*5 ( + ) A 
flfc LTA^JL, •««')Sli«Efll*& t ( - ) Xi) b 

LTA^iLTfeO. trxyx?-y?mmtWIJ98l;i 
fc**«WltfttWKi r Hj fc«rft. ii 

x\ mmEm^nvxYxf v7WB#BwmKiz& 

&Wft*&tjL%6 1,62 T^MH LfcflJ 08li«Ee# 
iitxyx? y^«E*<g^mE(c^L^^txv-x 
^ y ?«Eft-?,t *) t>/h$ V^. #S«Jt¥ligSt&6 1 ct> 
SUM* Ml. gfit^6 2<mSm:r\2h LX r\2/ 
(rll+rl2) X'hh. Uztfi->X. txyx^7?t 
Etf3mmi±CDrl2/ ( rll+rl2) x 1 OO%W0r^ 
<^9»**ECii*S*-Witt«827 1tt r Lj U 
^$:ai^LTh7>'>''^^2 7 2Ji^7-CJ) l 9. ti 

»i«E«rJ«i*i:ttlMI2 7llirHj K;^tB^i 
IX hy Wx? 2 7 2 

[0077] *Wt»»t ifttf . 0 1 OfcjjrfJ: o 
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[ 0 0 7 8 ] frfc, WMUlli S&2HJBM 

mmmizmmzztx-. ms-myry^ms. 
±.%%&£wmit,tii£Hz-ttitf£\ / \ 
[0079]^. mn&tf^>\s->vEj)\znL 
zw&mz$-it,ti&<7)X'it%<. m5<r>AyVx.?? 
mw£^^mizm tx mmiz^-t t>ixiv>x-i> x 
\>\ 

[0080]**:, WEMOBRnmi txV^^ •/ 9 

teztitrnfim^mmifimt ix *> ^w&tomx- 

[ 0 0 8 1 ] i ii , *»Wi, 4 ^y'i ? 
^Mffloexrr^-?-iX-^fi{fcii:^< . f6<offl& 

hzttfx-th. &tz, m%WMy&)m$LX'%< 
thmmx'th. 

nnianoi!)BBT%«. 

[02 ] «Wexv^?* aX-^MBBBoWwiIH 
0T-J>£. 

[03 ] Ti9Etx-/r^f- J LX-^8»ia»fcJ: OffiSS 

exv-r^^AX-^^s«$^«m««itfflo 
^yyi^ £W^&fl^K<*j«iti£K?)raj£0 

[04 ] MM yit^ffcntimmx'hh. 

[05 } lBEexvT^f-aX-^KHilSB8<oft»«:K 

[06 ] WEtxyT^f-aX-^BKIHB^fta^ft 
[07 ] *^SrafflL^2cofcrxVr^f-iX-^ 

[08 3 lilEtxVT^jLX-^IHttHlM^ofe 



[09] *7^ H JI£^Uc^^53<9exy7:^aX-;y• 
S^lsl&&<Og^5[Hl^&0-e^>S . 

[0io] ttiBtxyr^f-AX-^sawiiHW)*^ 

1, 1A, IB exyr?f-iX-:?8®j®B 

I I fiflsmas 

III JiyrV 

112 DC-DCriyA-;? 

113 A'^rayf^ 

12a, 12b mmsm 

13 *yy?? 

14 31 v**?*?? 

14 1 *4^-f:*-F 

15 *19)X4 ~,&y?%=t 
151 V^'TsT-H 

16A, 16B, 16C, 16D SiR;U -y+y/m 
=t 

161A. 161B. 161C, 161D g£y>f* 
— H 

1 7 ^ymm&nmtam. fsnsmm 
is m& 

19, 19 A, 19B #JffiJ#8 

i9i, 191 a, 191B mrnwm 
192 cpu inamafroatt) 

192A CPU 

23 mm (Mm^&m&tm 
25 3fcm*&aj#e 

251, 2 52 83aSS 

2 7 £®tiji§§ (K*¥R) 

27A e-?«8WJ9SttEI» 

27 1 ttfBS (ifcK#S) 

27a *y«BWB3e*^ai**« 

2 8 S^«ff^[s]S8 (TRSffift^«#S) 

29 ^T&fMgs (^-y»iraaffs^ai*s) 

3A, 3B. 3C, 3D 
4 JyiSs.?? 
4 a 7X/t^ff 
4 b ffffi&fltJPgiS 

4 c tiyr;fax-^ 

5 4 a^yv-)V 

5 7 Zl*yV-fVl£h*zy*l- 
58 ECU 

6 «9sus*@#atfj¥& 

6 1. 6 2 
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